
Never-ioer 23. 1392 

Mr. Donald C. Booher, Site Manager 
Pacucah Site OiCice _ 

Department of Energy 
Pest Office Box 1410 
Paducah. +&?nTucky 32CX!-1410 

Dear Mr. Eooher: 

The purpose of this memorandum is tc briefly summarize the resuits of the 
assessment of plant exposure potential to transuranics conducred by the Health 

’ Physics Oepartnent from Mav 5, 1997, io June 1, i992. Detziis of the 
assessment are azached. 

This assessmert: suggests Thet t5e ;resenr7q .z+ t;a;7suranic -rz:~r;3Is c~c--.-~r:t~.c; 
..:.gjo:cximate;Y ! f 4 r;&c t,f) y--j2 Fi,fi; ,=?i : ,,::_ -::. . . . . . > !3 .-..m.r -. :+.. ‘.s”.... __. __..._.,. : 

Equlvaien: {CELZE), received a; tnis pianr. This aose IS aboc: I :50 (less ttzn 
2.3 percent) of that allowed by the Department of Energy on an annuai basis. I; 
was also estimated that 99.9 percent of exposures on an annual basis be less thar: 
1033 mRem CEDE or l/S (20.6 percent) cf that allowed by DCE 3er year. 

Air samples for transuranics average 411000 f0.4 percent) of :he DOE lirzt. Ax 

sandes for uranium average 0.007 percent of the DOE limit, 0~ a plantwide 
basis, air sampies contain approximately 17 percent transuranics by radicassay. 

The plant average for removable surface contamination for process areas known to 
have transuranics was approximately 2.7 times the limit for re,rzovable zransuranics 
listed in Table 2-2 of the DOE Radiological Control Manual. {Normally occupied 
areas in Yhe planr are main:air,ed at less than the limits in Table 2-2.j Transfezx 
uranium surface contamination averaged 65 percent of Table 2-2 iimits in process 

areas known to have transuranic contamination and below Table 2-2 limits for 
normally occupied areas. On a plantwide basis, process area removable surface 
samples contained.1 2 percent transuranics by radioassay. 

_ -.- 
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November 23, 1992 

con:inc;e x be analyzed for transurar.:cs. Routine analysis for transurarks in 
w-wvable surface sarwles is no lorrger considered necessary ard has seen 
discontinued, but acrion levels in ;racsuranic modified rrarerials ouiidings remain ar 
20 dsm per 100 square centimeters, the ctirrent limit for transuranics. 

Detaiied information supponing our analysis is attached. If you have any questions 
abotit :he analysis or’the conclusions develcDed, please call Ty Miller ar Bell 
Exterkon 6010 or Orville Cypret at Bell Ex:ension 6173. 

Sincerely, 

,&f--_ lL;Iz;,&> 

Steve Pols;or, ?!ant Manager 
Paoucan Gaseous Oiftusion Plan: 

SP:HTM;rec 
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Final Transurani:: Exposure Assessment for PGDP 
Transuranlc E,u.oos;lre Assessrer:: 
: .,;--,qo -jypyi_: 

f ’ 
;;:i id ,&c: .-:.: i; -, . . . 

Statkical Maxrnum TRU and U Ac%vity in Air 
Measured Maximum TRU and U Ac;ivity in Air 
Percent TRU {By Alpha Activity! Measured in Air Samples 
Average Transierabie TRU and U Surface Con?amina?ion 
Average and Statistically Maximum TRU in Surface Contamination 
Average and Statistically Maximum TRU ana U in Surface Contamination 
Transuranic Monitoring Program 
Exposure to Transuranics by inhalation 
Exposure to Transuranics by ingestion 

cc/an: C. A. Caves, DOElHQ 
R. G. Donnelly, PORTS 
W. E. Fields, OAK RIDGE 
P. A. Gourieux 
J, C. Hodges, DOEiPGDP. 
J. J. Hummer, OAK RIDGE 
t-k T. Miller - RC 

%J. W. Parks, DOE!W? 
L. 7.. . . I_. s ,.( e. r .., - ; .- 

H. Pu!!ey 
W. D. Strunk, PORTS 
File 



This is a brief summary of the results of the assessmen: of plant exposure potemial 
conducted by the Health Physics Departmen: from May 5, 1991, to June 1, 1992. 

NoveniDer 20, 1992 

This assessmentsuggests that :he presenceof tznsuranic (TRU) materials contributes 
approximately I14 &em to tne annual average dose, committed effective dose 
equivaient (CEDE), received a: t his plant. This dose is ess than 2.3 percent of rhat 
permitted by DOE on an annual oasis. 

During the period of this investigation,, apprcximztely 140 air samples and 10 surface 
samples s,*;ere collected per week :o determine the extent of TRU materials in the 
plar;t. Fvm the eatai samples co!iecred, S,Ec! air and 303 surface samples were 
analyzed icr TW materials. These sari@@@ :esresent t7e high 20 of the weekly air 
samples and ait smears above 20 dpm per 100 scuare centimerers as determined my 
gross alpha assay. This collection criteria biases our estimates on the high side bv an 
unknown amount. 

All isotopic analyses for TRU were done at :t-.e Oak Ricge National Laboratory and 
were reported as gross alpha, uranium alpha, and TRU. In this case, TRU represenTs 
7-p ;S$T.- ; lj? - .A? .r, _, . +‘:;:~tci~~rr: {Am). 237 Ye~:~~r.tt....m (F-Jpi, 236!239 Piutonium {Pu!, zr.d 
7_,- --__ _. i -. ^^-P*:,. - ,-, .\ . . .a : . . ; I. 3 .“i ,k’+.‘L ._“C_.? a:_. ,<a TX at 2X3, 6 samples, sug~e;; 
3-percent 241 Am, 6 percent 237 Np, 12 percent Pg. and 79 percent 230 Th. 
Additional isotopic sarT@es were not. collected beczzse, for purposes of safety 
analysis, the annual limit of intakes (AL11 of each individual isotope was similar and 
the use of the lowes: limit of intake yielded s more conservative Isafer} result tnan 
using rha: for a mixture. 

Air samples -tiere collected at normally occupied locations thought to be subjecr to 
airborne TRU contamination. Most of the locations rested represented locations 
routinely occupied or potentially routinely occupied by employees. Surface samples 
were collected at locarions kncwn or suspected to have TRU materials present. In 
general, these surface sampling locations are not accessibie to plant personnel in the 
normal conduct of their duties. This collection: cri;eria tends to increase the high bias 
in the ex3os”~x estimate also. Attachment 2 slows :h6 distribution of samples 

analyzed by building, More sam’ples were processed from Building C-400 than from 
any other building. The seeming bias isexplained by recognizing that only the most 
active of the air and surface samples were analyzed for TRU. 



, 

The pian sverage for the 650 air samples ‘tias measured as: 

a. Transuranlcs: ?.tj!jE-1 !j t/- 1 1 E : d iJci/CC 

b. Uranium: 4.4E-74 -i- 1 E-l 3 uCi/cc 

c. Percent Transuranic: 17 +I- 12 percent 

Attachments 3-6 show oeraiied results for each buiiding surveyed. 

The plant average fdr -he 303 transferabie surface contamination samples was 
measured to oe: 

a. Transuranics: 54 +!- 158 dprn per 100 sqcare centimeters 

Q$ Urani;lm: 649 t/- 2033 dpm per 100 square cenrimeters 

c:. Percent TransJranic: 12 +i- 1 1 Psrce?t 

Attachments 7-g 
contamination, 

snow detailed sampling results for transferable surface 

Maximum readings for TRU were 3.3E-13 uCi/cc Yor an air sample collected in 
Building C-400. The maximum uranium ai: sampie was 1 .ZE-12 uCl/cc collected in 
Guilding C-333. 

The maximum transferable TRU contamination measured in a smear sample was 
1980 dpm per 100 square centimeters for a surface sampie collected ir: 
Building C-360, The maximum uranium surface sample was 29,400 dpm per 100 
square centime?ers for a wipe sampie collected from behind a panel in Building C-360, 

The maximum percent TRU in an air sample, collected in Building C-315, was 
80 percent, 74.4 percent fcr a wipe sample collected in Building C-720. 

The average annual CEDE due to breathing workplace air {inhalation dose) is estimated 
to be approximately 23 mRem CEDE, and the maximum pro&able dose being 
126 m&m CEDE. This assumes all of the transuranic component is 237 Np, whicn 
has the lowest inhataticn ALI, using standard assumptions concerning inhalation, leve! 
of exertion! hours worked, and retention ir, the lung. The details of this caicuiatior; 
are shown in Attachment 10. 

The average annual CEDE due having contamination adhere to the hands and lips and 
subsequent swallowing of the material (ingestion dose} is approximately 91 mf?em 
CEDE the z,3x’TI,;,~ L_z.;-;- W-7 -,T=--: CEr!E 7’L. . 

, / I*!.? ass’dq?f?$ ai! of the TFV C~:Fhnnc>?.f 

2 
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is 237 Np and that a person ingests :he removabre conidmination from a 100 square 
cenrimerer area per eacr! day aT; wf:~. Tk Ge!alts of this caicuiation are shown :n 
Attachment 11 I 

The average total dose (CEDE1 for :he program is the sum of the inhalation dose and 
the ingestion dose and is equal 70 114 mRem CEDE, the maximum being 1033 mRem 
CEDE. This assumes all of the TRU is 237 lup and other assumptions as above. This 
maximum dose estimate is consistent with the estimates made in IT 
CocporaIion/Nuclear Sciences Report &umber ITINS-91-l 09, September 2,1992, 
Personnel Exposure potential XJ Transuranic Materials at the Paducah Gaseous 
Diffusion Plant, by Carol 8erger et. al., using fecal analysis results. 

As a tesuit of this analysis, our air sampiing program has been revised. Roth air and 
surface sampling for gross alpha and gross beta contamination; and individual air 
sampling wults greater than 10 aercen: derived air cortcerwation continue :a be 
anaiyzad for TRU. Routine anaiysis for TRJ in :r znsferabie surface samples is no 
ionger considered necessary and has beer. drscorkr,ued; however. action levels in 
‘fransL:azk Modifies Materials 8ulidings remain at 20 dprn per 100 square 
centimeters, the carrent limit for TRU. Selected samples exceeding the 20 dpm limit 
will be analyzed for TRU. 

-- 



Tr25suranic Ex pxure Assessment 
Number Air and Wipe Samples Analyzed 

Number of Samples 
700 7.. - - 

_.... --. . . .._ ._.- 
I 

600 y- 
/ 

400 -’ 

I 
300 L 

200 - 

310 331 335 340 400 410 710 720C Total 
315 333 337 360 409 420 720 746Q 

Building Number 

t 

*. 111 Wipe Samples !8’@!!! Air Samples 

- 



hi!ding average rerdirig i,uCijml - air) 
.-.-. .___ -- . . 

310 331 335 340 400 410 720 PLANT 
315 333 X3? '> 8.) t *n >u 409 420 i46Cj 

r-e.- _.... - - -- _-__ 



1 .(jOi)E-i 2 

310 331 335 060 400 410 720 
3:5 333 ',' ti.31 ^r Xi0 409 420 7NQ 

i m TRU Cone. k@@! cranium COII~. 



l.O00E- ;:3 

! .oc)ol?-13 

15 1 .OOOE- 
3 10 331 335 34.0 400 410 720 

:?I 1 :’ :I:!3 $37 3liO 409 420 ?GQ 



PERCENT TRU (BY ALPHA AC-W~~ITY) 
MEASURED IN AIR SAMPLES 

AVERAGE TRU 17+/-11 % 

Building, Percent TRU by Activity 
13n. -_ - . ..-- ._ ..- 

I 

331. 335 400 Cl0 720 AVG. 

315 333 337 360 409 420 746Q 

Building 

___-.. ._ -.- _.__ . .._ 

; slil AVERAGE m STA-j-fSTICA’L MAXIMUM 

I.. MEASURED MAXIMUM 



Fi'JERAGE TRANSFERABLE TRU NW 
U SURFACE CONTAMINATION 

AVERAGE TRU, 54 +/-I58 DPM/lOO CM2 

Building Average DPM/lOO Square Cm. 

- 

720C AVG. 
720 7460 

Building 



AYERAGE AND STAT!ST1CALLY MAXIMUM* 
PERCENT TRU IN SURFACE CONTMINATiON 

*Average plus three standard deviations 

Eluilding Percent TRU by Activity 
1, Q(J ~_. . --‘$- _-. . . 

L. 

1 
310 331 335 360 409 710 720C AVG. 

315 333 337 400 410 720 746Q 

Building 

,- _. ..- . . 

; ip AVQ ‘$0 TRU &ii STAT. MAX TRU. 1 



AVERAGE AND STATiSTKALLY lvbYWv!U td* 
TRU AND U 1N SURFAGE CONTAMINATION 

* Average plus Three Standard Deviations 

Building Maximums, OPM/lOO Square Gm. 
i nnnnn -_-_.. . . _.. ..- __. --.._ 

L 

10 
310 331 335 360 409 710 720C AVG. 

315 333 337 400 410 720 746Q 

Building 

m STAT. MAX. TRU &!&!$I STAT. MAX. U. 



Tfansmaoic :ldot?i~ori?g Progf+?m 
First Year Dara Summary 

Tfansuranics 

I 
331 1 23 779 203 1257 

333 j ‘II 43 742 482 : 

1 
335 3: 285 I 283 

I 
! 7991 

337 71 383 1263 5293 

360 
I 

234 i r483 3006 19054 
t , 

400 I 56 I 278 1 3’34 265 1 

409 26 
! 
I 67 I 792 506 

470 I 57 ! 22s t 565 I 7951 

c___ . .._.._ _._-.-_.. _... ;. _ ____- _.- __.-_. ..___._- 

720 12 I 77 1 tx / 7297 

MOC 9 I 37 70 309 

7460 20 95 218 1476 

‘Phrzt Wide 54 j 530 I 649 6749 

_. 
._ _. -.: _ 



Transuranics umnium 

&rilding i A wage ’ Avg+3’s Average Avg. t 3’s 
, iucI/cc,i luC#ccl I iuc.kc~ hiGYCd 

’ 370 IE- 14 8.66 74 54E- 14 4. BE- 13 

375 6.515 3.2E- 74 2.3E- 14 IE- 13 

337 I 1. tE- 14 6.2E- 74 3.2 E- 74 7. df* 13 
; ’ 

333 : 1.2E-14 1 1. IE- 13 6.G14 5.2E- 13 

335 SE- 75 3. lE-34 3E- Id 1 ZE- 13 

337 I 
1 BE- IS’ 1 7.G 74 ! 2_7E- 74 I 7.6E-13 

II 340 1 2.9E.15 t 1.7.514 ; 3.2f - 14 I 7.UE-r3 

1 360 I 3. IE- ?5 8E.15 1 fi.ZE-75 1 7. SE- 14 
? 

400 I ,o.Zf-i5 7.9E- 74 i 5.3E- 74 3.3E- 73 

409 f 5.2E-75 3.7E- 74 dE-74 3. IE- 73 

470 !I 2.7E-15 , 7.2E- 74 8.2E-15 2.22-14 
I 

II 420 I 5.3E-15 2E- 14 2aE-74 7.5E. 74 
, I I 

! 720 ,_. _. ._ : 
----__.-_ 

/ 
Phi Avg. I 7.6E.75 1 *a* 4.d.f. 14 1 

l *. 

’ l l Not Available or Not Measweu ~ 

- 

2 
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Table Three: Percantagw of TRU h Air and ~I8nsfer8ble Contarnh?tiun &np/er 
I 

370 i to i I 36 I 15 57 

315 f2 I 45 39 76 
i 

337 If \ 34 I 23 68 i 
4 

I 
333 I ‘9 i 35 27 I 63 

I 
335 14 58 15 &a 

i 

Ir 340 I 
l *. 

I .*t i ‘14 52 

27 1 i 
i! 

4: II 
i&Jo 

’ 
J 

400 j ,q , I 32 23 700 

409 13 1 38 18 60 

1170 8 25 27 60 
d 

420 j .*. 
1 

l . . T8 59 
i 

770 73.5 ] 4d . . . ..* 1 
i 

‘I 
I 72C 1 77 52 15 2 .-- c 
!’ 

! 
!’ 

72UC 1 
t: 

13.5 45 I . . . 1 l . . 

7460 75 

Planf Wide 12 

l l l Not Meesured of Not Calculeted 

3 

. 
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Mar Tru Percenr 

71 

80 

1 331 7.6E. 74 333 1 I ?.8E- 13 ?.3E-73 1.K12 45 62 

1 335 

I’ 

2.7E- 14 1.7F-73 60 

d 337 3E- 74 t.w-73 I 44.5 I 

340 6.8E. 15 8. !iE- 14 324 i 

’ 360 4.9f. 75 6E.14 61.5 

! 400 3.3E-73 
I 
1 8.9f.13 60 

I 
409 

! 
!- 

i. 74 
6E. 8E- 14 70.3 , 

i 410 I f.3E- 14 5. IE- 74 P7.6 
I 

gQ ?.8E- 14 5. TE- 74 4T.4 1 

t 

720 8.6E- 14 6.S 73 41.4 i 

1460 3. r.G-15 8.7f - 75 54 
I 

Pfant A veragas 5.9E-?4 I 3 ?TF.f3 ._LL c’,’ -! _a. , 

; of Maximums , 1 Ii 

4. _ . 

i.. _ . ..- 

:. 

.~ _,.L 

:: 
..__._..+,ai. . 

_.- 



The basic formula for the computation of the inhalation dose resulting from expoQure to tra-u%tani.cB aId ur-anhm at 

PCDP is ehown below. 

Inhals:Lon Doee = [air Concentration (TRU-uCi/cc) x 1ious8 Bxpoeed (Hz%) X Ventilation Rate (m3/hr) X Lunq Retention 

Pactok X 1E6cc pet m3/ ALI-TRU (ucr) + Air Concentr,ntion-U X Hourlr Expooed X Ventilation Hate X Retention P'nctor X 

lE6co per m3/ALK-U) X SO00 

Trans.;:clnlce at Ft$DF are ches W and the Uranium ikg Cknss D. The inhaLatlon AL1 for the material ia ~l~own below. 

235 U 

238 U 

241 Am 
__________~.-- 

2301239 Pu 

230 Th 

. . . . . . .-_ ..----- L - -_...-. -.. 

1.000 UC1 
________.-- 

0.004 uCi 
____-^ --_____ 

0.006 uC1 

G 

6 
-3 
F 

heeu,mp::i.ons made in completing the calculation are ao followa: 
r 

1. Th(:l hypothehzically expoeed plant worker ie ewpoeed 2000 hours per year. 

2. Thi. level of exertion IS olaeeed am light work, 1.2 m3 of air breathed per hour. 

3. ~-he maxhum expooure is defined aa the average nw~~~tsure pLua three otandard deviatione. Thie me8nu statiotFcalLy, 
99.9 percent of plant exposures are lsse t.hwn I.~~IH maximum. 

4'. Ignoring the preeen,ce of 235 U and using 1 uCi au the ALI for Uranium while ignoring the presence of all other 

tl-ansuranica except for 237 Np, and ueing 0.004 UCI a6 the ALI for the traneuranice ie a conservative approach. 

Averqc Inhalation doee = [7.65E-~5f2000*1,2~1~6~l/.On4+4.4e-l4*2OOO~l.2~~e6+~/~]~~~~U 
= (0.00459 + 0.000105]*5000 
I 23 mRem 

(4.06E-~4*2000*1.2*1E6*1/.00Q t 3.44E-13~2OOO~1.2*1E6*1/11 
(.02436 * O.ODOB256]*5000 
126 mRem 
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EXPOSURE TO ‘rw\rdSuRAN’ICS BY INGESTION 

The balri~ fornwla for the computation of ingeetian rl3ee reeuitlng from expcmure to trbnsuranice at PCI)P Le 6how~1 

belou. 

1ngeeti.i In dose - iquantity of ttaneuranice ingeated per day (uCL/day) X days expoeure (daya)/hLI-TRU + quantity of 

Draniunl ingested per day (uci/day) X days erpoeed (daye)/ALI-U] X 5000 

Tranau~~~rlicu at PGDP are auoumed to be claae H and wcanium, claee D. The ingecition ALIe for the radioieotopes found 

at PGDI' are shown below. 

2381238 Pu 

230 Th 

..-__. . - . _ . . .._ -__ 

4.0' uCi 

Aesumptiuntr made in completing' the calculationa are ae follows. 

1. or. t.he average, an industrial worker inqeste al,ouL: 100 nig of dirt: from him hands. Thi.0 is about the quantity 
ot material found on 100 oquare ccntimatern of il rea6onably clean plant. 

2. A :ciaximaI.ly exposed worker ~111 be at work apprOXimAtely 233 daye (250 working deye pet year leas 12 nnt:i.onal 
holidays and 5 days miscellaneous absences]. 

3; Igl\cJrFng the preeence of 235 IJ does not; inl;roduca any error iu t;llct uoLlmate. UqincJ t.tM At.1 fCBf 237 tJJ> AW th4 
ALI' for all the traneurrnLca in the mixture itl c:or,sarvative. 

Ayerage Lngeetion doee p [54"233/(2.2E6*0.5) + 649"~:~3/(2.2~6*10)]~50~0 

= (0.0114 + .00687]*5000 
* 91 mRem 

Haxtmum Ingmetion Dcme = (528*233/(2,2E6*0_5) + 674fi*233/(2.2E6~10)]*5000 
- to.ryo1 + .0714)'5000 
- 907 mxem 


